Compartmentalization of protein kinases and phosphatases with substrates is a means to increase the efficacy of signal transduction events. The A-kinase anchoring protein, AKAP79, is a multivalent anchoring protein that maintains the cAMP-dependent protein kinase, protein kinase C, and protein phosphatase-2B (PP2B/calcineurin) at the postsynaptic membrane of excitatory synapses where it is recruited into complexes with Nmethyl-D-aspartic acid or ␣-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA)-subtype glutamate receptors. We have used cellular targeting of AKAP79 truncation and deletion mutants as an assay to map the PP2B-binding site on AKAP79. We demonstrate that residues 315-360 are necessary and sufficient for AKAP79-PP2B anchoring in cells. Multiple determinants contained within this region bind directly to the A subunit of PP2B and inhibit phosphatase activity. Peptides spanning the 315-360 region of AKAP79 can antagonize PP2B anchoring in vitro and targeting in transfected cells. Electrophysiological experiments further emphasize this point by demonstrating that a peptide encompassing residues 330 -357 of AKAP79 attenuates PP2B-dependent down-regulation of GluR1 receptor currents when perfused into HEK293 cells. We propose that the structural features of this AKAP79-PP2B-binding domain may share similarities with other proteins that serve to coordinate PP2B localization and activity.
The efficient transmission of cellular signals often involves the orientation of signaling proteins in relation to their upstream activators and downstream targets. This is often achieved through association with anchoring and scaffolding proteins that compartmentalize signaling enzymes in distinct subcellular environments (1) (2) (3) . For example, A-kinase anchoring proteins (AKAPs) 1 bind the regulatory (R) subunit of the cAMP-dependent protein kinase (PKA) to localize this broad specificity enzyme to discrete subcellular environments (4, 5) . Each AKAP contains a conserved amphipathic helix that binds to the R subunit dimer with high affinity and targeting domains that direct the PKA-AKAP complex to specific subcellular compartments (6, 7) . A likely consequence of these proteinprotein interactions is that AKAP-PKA complexes are maintained in the vicinity of selected phosphoproteins and substrates for the kinase. Another important role of AKAPs is to serve as scaffolds for the assembly of multiprotein complexes that include PKA, other protein kinases, phosphodiesterases, and a variety of protein phosphatases (8) . The simultaneous anchoring of kinases and phosphatases provides an efficient means to confer bi-directional control on the phosphorylation status of substrate proteins (9, 10) .
A number of studies (11) have demonstrated that anchoring of kinases and phosphatases ensures the efficient regulation of ion channels and neurotransmitter receptors. One prominent mediator of this process is the multivalent anchoring protein AKAP79 that anchors PKA, protein kinase C (PKC), and protein phosphatase-2B (PP2B/calcineurin) (12) (13) (14) . Precise orientation of the AKAP79 signaling complex toward substrates such as ionotropic glutamate receptors at the postsynaptic densities of neurons involves additional protein-protein interactions between the anchoring protein and membrane-associated guanylate kinase proteins. This intricate molecular architecture facilitates PKA phosphorylation at a site in the cytoplasmic tail of the GluR1 glutamate receptor channel as well as its efficient dephosphorylation by PP2B (10, 15) .
Previous studies (13, 16, 17) have shown that the catalytic subunit of PP2B directly binds to sites in the C-terminal twothirds of AKAP79 and that interaction with the anchoring protein inhibits phosphatase activity toward peptide substrates. In this report we describe experiments that map the PP2B-binding site to a region of ϳ45 amino acids that contains multiple binding sites and inhibitory determinants. Furthermore, we show that a peptide from this region disrupts phosphatase targeting and attenuates PP2B-dependent down-regulation of homomeric GluR1 glutamate receptor currents inside cells.
MATERIALS AND METHODS
Construction of cDNA Expression Plasmids-The cDNA for human AKAP79 was expressed from pCDNA3 (Invitrogen) constructed as described previously (16) . The coding sequences for AKAP79 full-length, the C-terminal truncations shown (residues 1-360, 1-315, and 1-108), or the 321-360-binding peptide fragment were amplified by PCR using specific synthetic oligonucleotide primers. The PCR products introduced a 5Ј HindIII site, consensus ribosome-binding site, an ATG initiation codon, and a BamHI site at the 3Ј end of the coding region. Each fragment was subcloned as a HindIII-BamHI fragment into pEGFPN1 (Clontech) to generate C-terminal fusions to EGFP. Internal deletions of AKAP79-(⌬109 -315), -(⌬109 -360), -(⌬151-315), -(⌬151-360), -(⌬315-360), -(⌬328 -338), -(⌬348 -360), and -(⌬328 -360) were gener-* This work was supported in part by Scientist Development Grant AHA-SDG 0130228N from the American Heart Association (to M. L. D.) and National Institutes of Health Grant GM48231 (to J. D. S.). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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The coding region of the A subunit of mouse PP2B was amplified by PCR using specific oligonucleotide primers. This introduced a BamHI at the 5Ј end and a 3Ј EcoRI site in place of the stop codon. A fragment with BamHI and EcoRI ends was subcloned into pCDNA3.1MycHis(ϩ)A (Invitrogen) to generate a C-terminal Myc epitope fusion.
COS7 Cell Transfection-COS7 cells at 20 -50% confluency (24 -48 h after plating) were transfected by calcium phosphate precipitation with pcDNA3-AKAP79 or various pEGFP-AKAP79 cDNA expression constructs and pCDNA3-PP2BAMycHis (1-2 g each plasmid per glass coverslip in 6-well plates for immunocytochemistry and 5-10 g of each plasmid for 10-cm plates for immunoprecipitation) for 4 -6 h at 5% CO 2 , 37°C. Cells were then washed with phosphate-buffered saline (PBS), fed with normal growth medium (Dulbecco's modified Eagle's medium, 10% fetal bovine serum, 1% penicillin/streptomycin, Invitrogen), and grown 24 -48 h prior to fixation for immunocytochemistry or preparation of cell extracts for immunoprecipitation.
Immunoprecipitation-COS7 cell extracts were prepared by lysis in ice-cold buffer, 20 mM HEPES, pH 7.4, 100 mM NaCl, 5 mM EDTA, 0.5% Triton X-100 (w/v), 1 mM dithiothreitol, 2 g/ml leupeptin and pepstatin, 1 mM benzamidine, 1 mM 4-(2-aminoethyl)benzenesulfonyl fluoride. Centrifugation at 16,000 ϫ g for 15 min clarified each lysate. AKAP79 immune complexes were isolated by incubation with 5 g of affinitypurified rabbit polyclonal anti-AKAP79 (918I) or 2 g of mouse monoclonal anti-Myc (9E10) antibody (Santa Cruz Biotechnology) for 4 h at 4°C. Control experiments were performed by incubating lysates with a non-related IgG at the same concentration for 4 h at 4°C. Immune complexes were separated from the reaction mixtures by incubation with protein A-Sepharose (25 l, 50% slurry equilibrated in lysis buffer) for 1 h at 4°C. After microcentrifugation, the supernatant was removed, and immune complexes were eluted with SDS-PAGE sample buffer. Co-purification of components in each signaling complex was analyzed by immunoblotting with anti-AKAP79, anti-Myc, or anti-PP2BA. Immunoblots were then visualized using enhanced chemiluminescence (ECL; Pierce) and Kodak X-Omat AR film.
Immunocytochemistry and Fluorescence Microscopy-Transfected COS7 cells (24 -48 h post-transfection) on glass coverslips were washed twice in PBS, fixed in 3.7% formaldehyde/PBS, and permeabilized with 0.2% Triton X-100 in PBS for 5 min. Permeabilized cells were washed with PBS and blocked in PBS ϩ 1.0% bovine serum albumin (BSA) for 30 min. Each sample was incubated in primary antibodies (1:250 antiMyc or 1:1000 anti-AKAP79) for 1 h at room temperature. After further washing in PBS ϩ BSA, coverslips were incubated with excess secondary antibodies (goat anti-mouse Texas Red, goat anti-rabbit antibody-FITC, or goat anti-rabbit-Cy5, Molecular Probes) for 1 h at room temperature. The washed coverslips were mounted on glass slides and analyzed using a either a Zeiss Axiovert TV-135 inverted microscope (63ϫplan-apo, oil, 1.4 NA) equipped with a digital CCD camera (Sensys) and Meta-GFP imaging software (Universal Imaging) or a Nikon TE-300 inverted microscope (100ϫplan-apo, oil, 1.4 NA) equipped with a digital CCD camera (Princeton Instruments) and Slidebook 3.0 imaging software (Intelligent Imaging Innovations).
Bacterial expression and purification of recombinant AKAP79 was performed as described previously (14) .
PP2B Activity Assays-PP2B phosphatase activity was assayed using a PKA-phosphorylated RII peptide as described (18) .
AKAP Peptide, PP2B Binding Assay-N-Biotinylated AKAP79-(338 -357), AKAP79-(330 -357), AKAP79-(318 -338), or control peptides (10 g) were incubated with streptavidin-agarose (Sigma) (20 l of packed beads) in hypotonic buffer (10 mM HEPES, pH 7.4, 10 mM KCl, 1.5 mM MgCl 2 , 0.1% Nonidet P-40, 0.1% BSA, 1 mM dithiothreitol, 1 mM benzamidine, 1 mM leupeptin, and 1 mM 4-(2-aminoethyl)benzenesulfonyl fluoride) for 4 h at 4°C. The slurry was centrifuged (3000 ϫ g), and the unbound peptide was removed. The beads were then incubated with purified recombinant PP2B (1 g) in hypotonic buffer in a final volume of 100 l for 15 h at 4°C. Protein complexes were pelleted by centrifugation (3000 ϫ g), washed 5 times with hypotonic buffer, 1 M NaCl and another 5 times with hypotonic buffer alone. The materials were eluted with SDS-PAGE sample buffer. Binding of the phosphatase was detected by immunoblot using anti-PP2B A subunit antibodies.
Electrophysiology-HEK293 cells were plated on 35-mm dishes at ϳ50,000 cells/ml. Cells were transfected with 1 g of GluR1 with or without 1 g of AKAP79-GFP by the calcium phosphate method as described previously (10) . The CD4 cell surface marker was also included as a transfection marker. Cells were visually selected for recording by adherence of CD4 antibody-coated beads 24 h after transfection.
GFP epifluorescence was used to confirm expression of AKAP79 in these cells. Whole-cell recordings were made with an Axopatch 200B amplifier (Axon Instruments). Patch pipettes (2-4 megohms) contained 140 mM cesium methanesulfonate, 10 mM HEPES, 5 mM adenosine triphosphate (sodium salt), 5 mM MgCl 2 , 0.2 mM CaCl 2 , and 1 1,2-bis(2-aminophenoxy)ethane-N,N,NЈ,NЈ-tetraacetic acid (pH 7.4). The 330 -357-residue peptide was added to the pipette solution from frozen concentrated stocks. The extracellular solution contained 150 mM NaCl, 5 mM KCl, 1.8 mM CaCl 2 , 10 mM HEPES, 10 mM glucose (pH 7.4). Solution exchanges were accomplished through a series of flow pipes. Flow pipes were controlled by solenoid valves and moved into position by a piezoelectric bimorph. HEK293 cells were lifted off the bottom of the dish to speed the solution exchange time. GluR1 receptor currents were evoked by a 500-ms application of glutamate in the presence of cyclothiazide (100 M) at 30-s intervals. Currents were digitized at 5 kHz and filtered at 1 kHz with a Digidata 1200B board and Clampex 7 software (Axon Instruments). Series resistance (85-95%) and whole-cell capacitance compensation were used and routinely monitored throughout the experiments. Only HEK293 with series resistance Ͻ5 megohms were analyzed. All experiments were initiated within 1 min of establishing whole-cell configuration and performed at a holding potential of Ϫ60 mV at 20°C.
RESULTS

AKAP79 Mediates Plasma Membrane Targeting of PP2B in
Transfected COS7 Cells-As a prelude to detailed mapping studies, we tested whether expression of recombinant AKAPs could target PP2B to the plasma membrane. In COS7 cells, the cellular distribution of PP2B and selected AKAPs was visual- ized by immunocytochemical techniques (Fig. 1) . Control experiments show that transient expression of a C-terminal Myctagged A subunit of PP2B results in a cytoplasmic distribution of the phosphatase (Fig. 1, A-C) . In contrast, expression of AKAP79 results in an accumulation of the anchoring protein at the plasma membrane in cortical ruffles (Fig. 1D ) as reported previously (16) . Most important, co-expression of AKAP79 results in the accumulation of PP2B at the plasma membrane in cortical ruffles (Fig. 1, E and F) . Similar results were obtained upon expression of an AKAP79-green fluorescent protein fusion protein (GFP), suggesting that the addition of the fluorescent moiety did not affect cellular targeting of the anchoring protein or perturb interaction with the phosphatase (Fig. 1, G-I) . Further controls demonstrated that expression of another membrane-targeted anchoring protein, AKAP18-GFP, had no effect on the cytoplasmic localization of PP2B (Fig. 1, J-L) . Collectively, these experiments demonstrate that AKAP79 participates in directing the subcellular location of PP2B in COS7 cells.
Mapping the PP2B-binding Site on AKAP79 -Previous studies (16, 17) have demonstrated that the C-terminal two-thirds of AKAP79 (residues 108 -427) are sufficient to bind PP2B in vitro and in COS7 cells. In order to map further the PP2B-binding site on AKAP79, we sequentially deleted C-terminal regions of the anchoring protein, and we tested the ability of these recombinant GFP fusion proteins to interact with the phosphatase in COS7 cells ( Fig. 2A) . Only the longest fragment, AKAP79-(1-360), retained the ability to interact with the phosphatase (Fig. 2, B-D) . Two shorter fragments, AKAP79-(1-315) and AKAP79-(1-108), did not alter the subcellular location of the phosphatase (Fig. 2 
, E-G and H-J).
These results imply that residues 315-360 of the anchoring protein are necessary for interaction with PP2B. This notion was further supported by cellular analysis of additional AKAP79 constructs where internal sections of the anchoring protein were removed ( Fig. 2A) . Deletion of residues 151-315 generated an AKAP79 form that retained the ability to target the phosphatase (Fig. 2, K-M) , whereas removal of residues 151-360 abolished interaction with PP2B (Fig. 2, N-P) . These experiments confirmed that residues 315-360 of AKAP79 are necessary for interaction with PP2B. In order to determine whether this region was sufficient for phosphatase binding, a further construct, AKAP79-(⌬315-360), was generated ( Fig.  2A) . This internally truncated version of the anchoring protein was unable to alter PP2B location when expressed in COS7 cells (Fig. 2, Q-S) , suggesting that a 45-amino acid segment between residues 315 and 360 of the anchoring protein is required for PP2B targeting.
Independent biochemical support for our cellular mapping studies was obtained by co-immunoprecipitation of AKAP79-PP2B complexes from COS7 cells (Fig. 3 ). Cells were transfected with Myc-tagged A subunit of PP2B and selected AKAP79 forms (Fig. 3A) . Efficient expression of each recombinant AKAP form was confirmed by immunoblotting cell extracts with anti-AKAP79 rabbit polyclonal antisera (Fig. 3B) . The ability of each AKAP79-fusion protein to associate with the Myc-tagged A subunit of PP2B was evaluated by immunoprecipitation with anti-Myc monoclonal antibody. As expected, AKAP79 and the 1-360-residue fragment co-precipitated with PP2B (Fig. 3B, left and center left panels) , whereas the 1-315-and the ⌬315-360-residue forms did not (Fig. 3B, center right  and right panels) . Control experiments confirmed that none of the AKAP79 forms were present in immune complexes isolated with an unrelated IgG (Fig. 3B) . These data use an independent approach to imply further that determinants between residues 315-360 of AKAP79 are necessary for PP2B binding.
Direct in Vitro Binding of PP2B to an AKAP79-(330 -357)
Peptide-A series of three overlapping peptides spanning the 315-360-region of AKAP79 were synthesized to establish whether these residues were responsible for direct binding and inhibition of phosphatase activity (Fig. 4A) . In vitro pulldown assays were performed to test whether each peptide bound to recombinant A subunit of PP2B (Fig. 4B) . Each peptide bound to the phosphatase, whereas control experiments performed with a 24-residue peptide of similar amino acid composition were negative (Fig. 4B) . Because the AKAP79-(318 -338) and the AKAP79-(338 -357) peptides encompass different segments of the PP2B-binding site, it is suggested that phosphatasebinding determinants are dispersed throughout this region of the anchoring protein (Fig. 4B) .
Previous studies (13, 16) have shown that AKAP79 inhibits PP2B activity in a dose-dependent manner. Therefore, each PP2B-binding peptide was assayed as an inhibitor of the phosphatase using a PKA-phosphorylated substrate peptide (18) . Recombinant AKAP79 inhibits PP2B activity in a dose-dependent manner with an IC 50 value of 5.3 Ϯ 0.5 M (n ϭ 3) (Fig. 4C,  open squares) . All three peptides also inhibit PP2B activity over the same concentration range, with IC 50 values of 3.2 Ϯ 0.17 M (n ϭ 3) for the 318 -338-residue peptide (Fig. 4C, circles) , 1.5 Ϯ 0.45 M (n ϭ 3) for the 338 -357-residue peptide (Fig. 4C,  triangles) , and 1.5 Ϯ 0.2 M (n ϭ 3) for the 330 -357-residue peptide (Fig. 4C, squares) . Incubation with a 24-residue control peptide of similar amino acid composition did not affect phosphatase activity (Fig. 4C, diamonds) . Collectively, these experiments suggest that there are at least two sites between residues 318 and 357 of AKAP79 that bind PP2B and inhibit phosphatase activity. The presence of multiple PP2B-binding determinants in this region was confirmed by analysis of three additional AKAP79 deletion mutants in COS7 cells (data not shown). Removal of residues 328 -338 or residue 348s-360 from the anchoring protein resulted in decreased Myc-PP2BA targeting to the plasma membrane, whereas deletion of residues 328 -360 completely abolished PP2B anchoring.
The 330 -357 Peptides Are Antagonists of PP2B⁄AKAP79 In- teraction-One goal of our mapping studies was to generate reagents that could perturb PP2B localization and function inside cells. A likely candidate was the AKAP79-(330 -357) peptide, as it bound strongly to PP2B and was an effective inhibitor of phosphatase activity. Various concentrations of the AKAP79-(330 -357) peptide (1-10 M) were incubated with the phosphatase-anchoring protein complex to antagonize AKAP79/PP2B interaction in vitro (Fig. 5A, top panel) . AKAP79 immune complexes were isolated using polyclonal antibodies against the anchoring protein, and displacement of PP2B was measured by quantitative Western blot (Fig. 5, A,  middle panel, and B) . Control experiments confirmed that equivalent amounts of AKAP79 were immunoprecipitated in each reaction mixture (Fig. 5A, bottom panel) . Inclusion of the 330 -357-residue peptide blocked co-precipitation of PP2B in a dose-dependent manner over a concentration range of 1-10 M, whereas a control peptide of similar amino acid composition did not affect complex formation (Fig. 5, A, middle panel, and B) .
In parallel, experiments were performed to test whether expression of the PP2B-binding region alone could displace the phosphatase from interaction with AKAP79 inside cells. A chimeric construct encompassing residues 321-360 of AKAP79 fused to GFP (Fig. 5C ) was co-transfected into COS7 cells with AKAP79 and Myc-tagged PP2B (Fig. 5, D-K) . The cellular locations of the anchoring protein (Fig. 5, E and I, blue) and the phosphatase (Fig. 5, F and J, red) were assessed by immunocytochemistry. Expression of the PP2B-binding fragment altered the subcellular distribution of PP2B (Fig. 5J ) but did not affect the targeting of AKAP79 (Fig. 5I) . This is most clearly demonstrated in the composite image (Fig. 5K) . In contrast, compartmentalization of the anchoring protein and the phosphatase was unaltered in control cells (Fig. 5, D-G) . These findings indicate that overexpression of the untargeted AKAP79-(321-360) peptide disrupts plasma membrane anchoring of PP2B, suggesting that this region of the anchoring protein is sufficient to disrupt the cellular targeting of the phosphatase inside cells.
The AKAP79-(330 -357) Peptide Disrupts PP2B Function Inside Cells-Recent data suggest that AKAP79 is likely to coordinate the phosphorylation state and activity of the AMPA-type glutamate receptor ion channels (10, 15) . Co-expression of AKAP79 with GluR1 subunit of the AMPA receptor leads to a time-dependent down-regulation (rundown) of recombinant GluR1 receptor currents expressed in HEK293 cells. This effect is contingent on a rise in intracellular calcium and PP2B activity (10) . For these reasons we chose to test the effects of the AKAP79-(330 -357) peptide on homomeric GluR1 receptor currents expressed in HEK293 cells (Fig. 6 ). Whole-cell patch clamp recording techniques were used to recapitulate the AKAP79-dependent rundown of GluR1 receptor currents (Fig.  6) . Expression of AKAP79 promoted a reduction to 64.8 Ϯ 4.0, n ϭ 7, p Ͻ 0.01 GluR1 current over a 15-min period (Fig. 6 , open triangles) when compared with controls (Fig. 6 , open circles, 86.2 Ϯ 5.8% of initial current, n ϭ 6). However, when the AKAP79-(330 -357) peptide was included in the whole-cell pipette solution, this AKAP79-dependent rundown of GluR1 receptor currents was blunted to 83.5 Ϯ 5.6% of initial current, n ϭ 7 p Ͼ 0.3 (Fig. 6, closed triangles) . Most important, control cells expressing GluR1 alone were unaffected by the peptide (Fig. 6, closed circles, 90.7 Ϯ 3 .9% of initial current, n ϭ 7 p Ͼ 0.3). These results indicate that the AKAP79-(330 -357) peptide disrupts a cellular function attributed to AKAP79-anchored PP2B inside cells. 
DISCUSSION
We have mapped a region in the neuronally expressed anchoring protein AKAP79 that is necessary for binding and inhibiting the calcium/calmodulin-dependant phosphatase PP2B/calcineurin. A combination of biochemical and enzymatic approaches has identified multiple binding and inhibitory determinants that are located between residues 318 and 357 of the anchoring protein. Our characterization of this PP2B-binding region is the latest in a series of studies that have dissected functional regions within AKAP79 that are responsible for the interaction with distinct signaling enzymes. Residues 391-408 form an amphipathic helix that binds to the R subunit dimer of the PKA holoenzyme with nanomolar affinity (7, 12, 19) . Peptides spanning this region have been used by many investigators to disrupt a variety of cAMP-responsive events by uncoupling PKA location inside cells (20 -25) . A PKC-binding site is located between residues 31 and 52 (14) . Peptides spanning this region bind to the kinase with micromolar affinities and inhibit the bound enzyme. This effect is reversed by calcium/ calmodulin, which competes for interaction with the 31-52 region and releases the active kinase from the signaling complex at the postsynaptic densities of neurons (26, 27) .
In this report, we demonstrate that a family of peptides synthesized to regions of the anchoring protein between residues 318 and 357 disrupt the subcellular location of the phosphatase and inhibit PP2B-dependent phosphorylation events. Another region of AKAP79 within the membrane targeting domain (residues 88 -102) may also participate in PP2B anchoring (13, 16, 17) , although the inhibitory potency of peptides to this site is ϳ50-fold less than the AKAP79-(330 -357) peptide, and they cannot displace the phosphatase from its sites of anchoring. Therefore, we propose that the region between residues 318 and 357 is likely to contain most of the high affinity determinants for PP2B anchoring. This postulate is consistent with recent reports (17, 28, 29) that recombinant fragments of AKAP79 that include this region inhibit PP2B signaling events in transfected cells and transgenic mice. Interestingly, the AKAP79-(330 -357) and AKAP79-(338 -357) peptides are slightly more potent inhibitors of the phosphatase than the full-length anchoring protein. Similarly we have observed that protein fragments of AKAP79 sometimes work more efficiently than the full-length protein. For example, residues 108 -427 inhibit PP2B more effectively than the full-length protein (16) . Likewise, the first 75 amino acids of the anchoring protein is a more potent inhibitor of PKC activity than the full-length protein (14) .
The AKAP79-(318 -357) sequence exhibits some similarity to the binding sites of other PP2B-interacting proteins. For example, the organization of serines, threonines, and the clustering of basic amino acids in this region is reminiscent of the 38-residue PP2B-binding region in Cain, (calcineurin inhibitor)/ cabin (30, 31) . Both proteins are non-competitive inhibitors of PP2B activity that inhibit the phosphatase in the low micromolar range and bind PP2B at a site distinct from the immunosuppressant drugs FK506 and cyclosporin A (13, 17, 32) . Another common characteristic is the presence of a loosely conserved "PIXIXIT" motif (where X represents any amino acid). This sequence was first identified in the transcription factor NFATc and has been found in the docking sites of other PP2B interacting partners including Cain/cabin and the muscle-specific protein MCIP1,2 (33) (34) (35) . Residues 337-343 of AKAP79 (PIAIIIT) form the PIXIXIT motif, and it is totally conserved in the murine and bovine orthologs, AKAP150 and AKAP75 (36 -38) . Although not formally proven, it is likely that this sequence represents a principle site of contact with the phosphatase, because the AKAP79-(330 -357) peptide, which includes this region, inhibits phosphatase activity at micromolar concentrations and competes for binding with the intact anchoring protein. However, it is clearly evident that other regions of AKAP79 contribute to PP2B interactions as peptides upstream of the PIXIXIT motif also bind and inhibit the phosphatase. These findings are certainly consistent with the notion that multiple determinants located in a central segment of the AKAP79 linear sequence act in tandem to anchor PP2B and inhibit phosphatase activity inside cells. Apparently multisite contact between phosphatases and their binding partners is a common theme in the subcellular targeting of this enzyme class, as a second PP2B-binding site has been defined within the regulatory domain of NFATc which may act synergistically with the PIXIXIT motif to permit a high affinity interaction with the phosphatase (39) . Similarly, there are examples of type 1 phosphatase targeting subunits that interact with the catalytic subunit (PP1c) through multiple sites (40, 41) .
One goal of our study was to generate peptide-based antagonists of PP2B function inside cells. Accordingly, we have shown that perfusion of the AKAP79-(330 -357) peptide prevents the attenuation of GluR1 type AMPA channels by the AKAP79 signaling complex in HEK293 cells. We have shown previously that AKAP79-mediated anchoring of PP2B confers a calcium-dependent rundown of the channel through the dephosphorylation of serine 845, a site in the cytoplasmic tail of the GluR1 subunit (10) . Basal phosphorylation of Ser-845 is maintained by anchored PKA, suggesting that AKAP79 contributes to the regulation of this channel by positioning kinases and phosphates in close proximity to a subset of their substrates (10, 11, 15, (42) (43) (44) (45) . Our electrophysiological measurements infer that perfusion of the AKAP79-(330 -357) peptide shifts the equilibrium in favor of the phosphorylated state of GluR1. Importantly, our control experiments demonstrate that this peptide is only active in the presence of AKAP79, thereby indicating that PP2B targeting ensures efficient modulation of GluR1 currents. Yet our experiments are unable to delineate the mechanism of action of this peptide. Our biochemical analyses would suggest that it must function by displacing PP2B from its site of action and/or as an inhibitor of the anchored phosphatase. Nonetheless, our experiments highlight the util- ity of this reagent as a cell-based modulator of PP2B. Likewise, Cain has also been used to perturb PP2B function inside cells, as it binds the endocytic machinery through amphiphysin 1 to negatively regulate PP2B/dynamin-dependent synaptic vesicle endocytosis (30, 32) . Thus it is tempting to speculate that AKAP79 anchoring and inhibition of PP2B might function in a concerted manner to modulate not only AMPA receptor currents but also to attenuate the phosphorylation events that control receptor endocytosis.
